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Abstract: Objective: Crude bee honey is a promising antitumor agent with pronounced antimetastatic
and antiangiogenic effects. The enhanced proliferation induced by honey is still a problem that facing
the usage of honey as antitumor agent. Adiponectin, an adipocyte secreted hormone, may be effective
anticancer agent. This study aimed to modulate the antitumor effect of honey and its extracts through
their combination with adiponectin. Results: The proposed combination of adiponectin with honey
solved the problem of increased cell growth of tumor cells induced by honey. However, this
combination decreased differentiation through decreasing the ALP activity. Conclusion: Adiponectin
combined with honey extracts exerted their antitumor effects on HepG2 cells through the inhibition
of cell growth and the enhancement of alkaline phosphatase activity rather than through acceleration
of apoptosis via Bcl2 down regulation. 
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INTRODUCTION

Honey is a known natural product which has several biological activities (Sesta et al., 2006). It is
considered one of the most complex mixtures of carbohydrates produced in nature (Swallow and Low, 1990).
Literatures that report usage of honey as antitumor agent are few (Rady, 1996; Dunford et al., 2000; egeblad
and werb., 2002; El-Sayed et al., 2010; Fukuda el al., 2009; Abdel Aziz., 2009). Honey was found to down
regulate MMP2 and MMP9 which have been implicated in the induction of the angiogenic switch (Egeblad
and werb, 2002; El-Sayed et al., 2010). In addition, honey decreased extracelullar protease and the extracelullar
gelatinolytic activities of HepG2 cells (Abdel Aziz., 2009). It was found to reduce cytotoxic effect of
Ecballium elaterium fruit juice on glioblastoma cells and inhibited DNA synthesis (El-Sayed et al., 2010).
Some authors considered honey as mitogenic agent (Tonks et al., 2001) where it enhances cell proliferation
(Al-jady et al., 2000;   El-Sayed et al., 2010). Enhanced proliferation induced by honey was suggested to be
a nutritional effect caused by carbohydrate of honey which provides substrates for glycolysis (energy production
for cell proliferation). This does not contradict with its other antitumor effect (El-Sayed et al., 2010). In
previous work, we extracted honey with several solvents to separate sugars from other components in order
to overcome the undesired increased proliferation of tumor cells treated with honey (Abdel Aziz., 2009).  

Adiponectin, an adipocyte secreted hormone, is abundant in human plasma with concentrations of 3 to 30
μg ml!1 (Chandran et al., 2003). It appears to play an important role in the development and progression of
cancer. Putative adiponectin receptors are highly expressed in liver and other metabolically active organs
(Yamauchi et al., 2002). Treatment of tumor cells with adiponectin did not cause significant change in
proliferation. However, adiponectin may be an effective anticancer agent (Kelesidis et al., 2006). This
discrepancy in results among different studies may be due to different doses of adiponectin or different types
of cancer cell lines used (Konturek et al., 2008)

Alkaline phosphatase is a heterogeneous group of enzymes with possible roles in cellular transport (Russell
et al., 1972), proliferation and differentiation (Karasaki el al., 1975) and as regulators of cell metabolism and
gene transcription (Huang el., 1976). 

Bcl2 which is expressed in certain tumor cells and was identified as an important factor in regulating
apoptosis (Handayani et al., 2007). Over expression of Bcl2 has been shown to promote cell survival (Charo
et al., 2001). 

Cytoplasmic ß actin seems to play an essential role in the movement of intravassation of cancer cells
through the vessel wall (Peckham et al., 2001; Button et al., 1995) Increased expression of cytoplasmic ß actin
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was found in some tumor cells (Nguyen et al., 2000). There is growing interest on the reaction between these
changes and the invasiveness of cancer cells (Hansell et al., 2005) and the correlation between β actin
expression, and metastatic potential of tumor cells (Nowak et al., 2005). Regulation of ß actin expression
seems to be an important parameter determining invasiveness of tumor cells.   

This study was conducted to evaluate the antitumor effects of honey, its ethyl acetate and
chloroform/methanol extracts as well as their combinations with adiponectin on hepatocellular carcinoma cells
(HepG2). The possibility of modulating HepG2 cell growth, differentiation, metastasis, and apoptosis was
investigated through measuring the MTT assay, β actin, and Bcl2 gene expressions respectively. An attempt
has been made in the present study to overcome the undesired increased proliferative effect of honey through
its combination with adiponectin.

MATERIALS AND METHODS 

Sider Kashmiry honey (K), brought from kingdom of Saudi Arabia, and Madina bee honey (M), brought
from Egyptian market were selected on the basis of adulteration tests [diastase activity, 5 hydroxymethyl
furfural (HMF) content and detection of commercial glucose]. Honeys were brought as single patch to avoid
any changes in their constituent and then stored at 25°C. Recombinant adiponctin (Ad) was purchased from
Linco Research (USA). 

Honey Adulteration Tests:
Diastase Activity:

Diastase activity was measured according to (Muli et al., 2007). Briefly, honey solution (20% in acetate
buffer containing 3 ml of 0.5 M NaCl solution) was mixed with starch solution at 40°C for 15 minutes. Iodine
solution was used to stop the reaction. The color intensity was measured at 575 nm. Diastase activity expressed
in units per gram of honey using the following equation: Activity (units / gram) = 60/t x 0.1/0.01x 1/2 = 300/t
Where (t) is the number of minutes required to reach 50% transmittance value. Honey is considered adulterated
when diastase activity $ 8 unit/g honey.

5 Hydroxymethylfurfural (HMF) Content:
5 hydroxymethylfurfural (HMF) in honey was determined (Muli et al., 2007). Briefly, HMF was extracted

with ether then dissolved in ethanol. Using resorcinol reagent, color intensity was determined at 490 nm.
Estimation of HMF concentration in the extract was done using the molecular extinction coefficient of pure
HMF using the following equation:

Concentrations (μ mole) = Absorbance/Extinction coefficient 

Honey is considered adulterated when the value of HMF > 15 mg/100g honey.

Commercial Glucose in Honey:
Commercial glucose was detected according to the method described by Elflein and Raezke. (2008). Honey

sugars were precipitated using ethanol and applied to paper chromatogram along with a control spot of glucose.
Ascending paper chromatography was used using isoamyl alcohol/pyridine/water (7:7:6) as a developing
solvent. Aniline diphenylamine chromogenic reagent (0.5 g diphenylamine hydrochloride, 0.55 ml aniline in
50 ml acetone, 5 ml of 85% phosphoric acid) was used to develop the blue color of the control spot. Honey
sample containing 5% of commercial glucose shows series of blue spots of low Rf. The natural honey dextrin
spot is distinctly brown or grey.

Honey Extraction:
Honey samples were successively fractionated by petroleum ether, diethyl ether, ethyl acetate, chloroform

and chloroform/methanol (6:4), respectively. Ethyl acetate (EA) and chloroform/methanol (CM) extracts were
selected for further investigations depending on our previous studies (Rady, 1996; Dunford et al., 2000; egeblad
and werb., 2002; El-Sayed et al., 2010; Fukuda et al., 2009)

Cell Culture:
Hepatocellular carcinoma (HepG2) cell line was supplied by Naval American Research Unit, Egypt

(NAmRU). Cells were propagated in complete RPMI1640 medium. Cells were treated with honey using the
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effective concentration (EC) =100 μg/ ml according to our previous studies (El-Sayed et al., 2010). The
effective concentrations of ethyl acetate and chloroform /methanol fractions of honeys were determined in
previous work (Abdel Aziz et al., 2009). Adiponectin was tested using different concentrations (50, 100, 200
μM/ ml). 

Cytotoxicity Test (MTT):
Cytotoxic effect on HepG2 cells using 3 (4,5dimethylthiazol 2 yl 2,5 diphenyltetrazolium bromide (MTT)

assay (Mosmann, 1983). Briefly, cells were seeded in 96 well plate (3X103cells /well) and incubated in
complete RPMI1640 medium at 37°C for 18 h. Then the medium was replaced with fresh medium containing
various treatments, and incubated for 24 h. After incubation, 100 μL of MTT (0.5 mg/ mL) were added to each
well and incubated for 3h. Formazan crystals were solubilized by 200 μL DMSO. Absorbance was measured
at 590 nm using microplate ELISA reader (Biorad, U.S.A.).

Alkaline Phosphatase Enzyme Activity:
HepG2 cells were seeded (0.5X106 cells /ml) and incubated with different treatments at 37°C for 24 h. The

enzyme was extracted using method of Chang et al., (1994). Briefly, cells were washed with PBS and
suspended in 0.1 ml extraction buffer (20 mM Tris/ HCl, 1.0 mM MgCl2, 150 mM NaCl, and pH 8.0). Cells
were solubilized by adding Triton X 100 to final concentration of 1%. Alkaline phosphatase activity was
measured by the method of Singh and Singh, (2005). In 96 well plate, the reaction began when 0.1 ml of
enzyme source was mixed with 0.1 ml alkaline buffer substrate containing 10 mM p nitrophenyl phosphate
(Sigma) in 50 mM glycine buffer, pH 10.5, supplemented with 0.5 mM MgC12, preincubated for 10 min at
37°C. Activity was determined by measuring the released p nitrophenol from p nitrophenyl at 37°C. After 30
min, the reaction was stopped by the addition of 0.05 M NaOH. A yellow color developed was measured using
ELISA reader at 410 nm. Alkaline phosphatase activity was expressed as micromoles of p nitrophenol produced
per minute.    

Messenger RNA Expression Analyses for ß Actin and Bcl2 Genes:
HepG2 cells were seeded (0.5X 106 cells/ml) and incubated with different treatments at 37°C for 24 h.

Total RNA was extracted using PeqGold Trifast (Biotechnologie GmbH, USA) according to the manufacturer
instructions. Primer sequence for β actin gene (B actin, ID: 100135845) is: Forward, ccttcctgggcatggagtcct;
Reverse, ggagcaatgatcttgatcttc. Primer sequence for Bcl2 gene (Bcl2, ID: 12043) is: Forward,
cctggtggacaacatcgcc; Reverse, aatcaaacagaggccgcatgc.

Qiagen on step RT PCR kit (Qiagen Inc, USA) was used for RNA reverse transcription and subsequent
amplification.  PCR reaction was performed separately for ß actin and Bcl2 by adding 2 µg RNA to PCR
mixture and making the reaction volume to 50 μl. PCR mixture contained 2 mM tris Cl, 10 mM KCL, (NH)2

SO4 , 1.25 mM MgCl2, 0.1 mM dithiothreitol; PH 8.7, 0.4 mM dNTPs mixture, Qiagen one step RT PCR
enzyme. Mix (contains  OmniscriptTM Reverse transcriptase , SensiscriptTM reverse transcriptase and Hot star
TaqR DNA polymerase), and 0.6 μM of each specific primer. The reaction mixture was subjected to reverse
transcription at 50°C for 30 minutes then to 35 cycles of PCR amplification as follows: denaturation at 94°C
for 1 min, annealing at 55°C for 1 min and extension at 72°C for 1 min. The PCR products were separated
on 1% agarose gel and visualized by gel documentation system. The genes expressions were semiquantified
using LabImage analysis (LabImage2.7.0, Kapelan GmbH) software.

Statistical Analysis:
Data were analyzed using version 11.0 of computer based statistical package. Results are expressed as

means ± SD of three independent experiments. Statistical significance of difference was determined using
analysis of variance (One way ANOVA). Further statistical analysis for post hoc comparisons was carried out
using LSD test. 

Results:
Cell Viability: 

Cytotoxic effects of adiponectin (Ad), Kashmiry (K) and Madina (M) honeys and their ethyl acetate (KEA
and MEA) and chloroform/methanol (KCM and MCM) extracts were assessed on hepatocellular carcinoma
(HepG2cells) (Fig.1). Cytotoxicity of adiponectin was tested in different concentrations (50, 100, 200 μM/ ml)
(data not shown). Adiponectin did not  show  any  cytotoxic  effect  against  HepG2  cells.  100  μM/  ml 
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Fig. 1: Effect of adiponectin, honey and its extracts on cell growth of HepG2 cells. C, control; Ad,
adiponectin; K, Kashmiry honey; M, Madina honey; EAK, ethyle acetate extract of honey K, EAM,
ethyl acetate extract of honey M, CMK, chloroform/ methanol extract of honey K, CMM, chloroform/
methanol extract of honey M. Data are represented as relative viability % to control. *P<0.05,
**P<0.01.

Fig 2: Effect of combined treatments of adiponectin with honey and its extracts on cell growth of HepG2
cells. C, control; Ad, adiponectin; K, Kashmiry honey; M, Madina honey; EAK, ethyl acetate extract
of honey K, EAM, ethyl acetate extract of honey M, CMK, chloroform/ methanol extract of honey
K, CMM, chloroform/ methanol extract of honey M. Data are represented as relative viability % to
control. *P<0.05, **P<0.01***P<0.001.
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concentration was selected for further tests. Combinations of the two types of honeys and their extracts with
adiponectin were also tested (Fig. 2). Tumor cells treated with adiponectin did not show significant changes
in MTT values, while those treated with K and M honeys showed significant increase in cell growth. However,
treatment with Kashmiry ethyl acetate (EAK) and chloroform/ methanol (CMK) extracts showed significant
decrease in cell viability. HepG2 cells treated with adiponectin combined with the two types of honey and their
extracts showed significant decrease in cell growth (Fig. 2). 

Alkaline Phosphatase Activity:
Adiponectin, EAK, and EAM extracts exerted nonsignificant inhibition of alkaline phosphatase activity;

while crude honeys, nonsignificantly, increased the enzyme activity. HepG2 treated with CMK and CMM
extracts showed significant decrease in enzyme activity (Fig. 3). Combination of adiponectin with K and M
honeys also showed significant decrease in enzyme activity. On contrary, HepG2 cells treated with adiponectin
combined with EAK and EAM extracts revealed significant increase in enzyme activity. Chloroform / methanol
extracts of the two types of honeys combined with adiponectin did not change ALP activity (Fig. 4).

mRNA Expression for the β Actin Gene:
Expression levels of β actin mRNA were significantly increased in HepG2 cells treated with M honey.

EAK showed nonsignificant decrease in β actin gene expression level. Other treatments, K honey, EAM, CMK,
and CMM extracts along with combinations of adiponectin with other treatments did not show significant
changes (data not shown) 

mRNA Expression for Bcl2 Gene:
Cell treated with adiponectin, honey K, EAM, and CMM revealed nonsignificant decrease in Bcl2 mRNA

expression levels. Combinations between adiponecin and honeys, and their extracts showed nonsignificant
decrease in Bcl2 mRNA expression levels (data not shown).

Discussion:
Adiponectin, an adipocyte specific secretory protein, apart from its roles as an antidiabetic and

antiatherogenic hormone, has been implicated as an important regulator of cell growth. It can modulate the
biological actions of several growth factors and act as antiatherogenic, antiangiogenic, and antiproliferative
agent (Wang et al., 2005)

Crude honey is a promising antitumor agent with pronounced antimetastatic and antiangiogenic effects.
The enhanced proliferation induced by honey is still a problem that facing the usage of honey as antitumor
agent; although it was suggested to be a nutritional effect caused by its carbohydrate content which provides
substrates for glycolysis, the major mechanism for energy production for cell proliferation. However, this effect
does not contradict with its other antitumor effects (Rady, 1996;  El-Sayed et al., 2010; Fukuda et al., 2009).
In previous work, we extracted crude honey with several solvents to separate sugars from other components
in order to overcome the undesired increased proliferation of tumor cells treated with honey (Abdel Aziz et
al., 2009).  We selected the promising honey extracts (ethyl acetate and chloroform / methanol extracts) to
modulate their antitumor effect through their combinations with adiponectin.  

This study aimed to modulate the antitumor effects of honey as well as ethyl acetate (EA) and chloroform/
methanol (CM) extracts against HepG2 cells through their combinations with adiponectin (Ad). The antitumor
effect on HepG2 was assessed by MTT viability assay, alkaline phosphatase activity, β actin and Bcl2 gene
expression levels. 

In this study, adiponectin did not show significant effect on cell growth of HepG2 cells where it
significantly increased cell growth. This finding is concomitant with the fact that adiponectin did not cause
significant change in proliferation of tumor cells (Konturek et al., 2008). Besides, it is well established that
honey enhanced proliferation and cell growth (El-Sayed et al., 2010; , Tonks et al., 2001;  Al-jady et al.,
2000). Combined treatment of honey (K and M) with adiponectin resulted in cell growth inhibition of HepG2
cells which is significant in case of Madina honey (M) and nonsignificant in case of Kashmiry honey (K), this
may be attributed to the fact that adiponectin suppress glucose production (Pajvani et al., 2003). However,
adiponectin has been shown to inhibit proliferation of cancer cells (Dieudonne et al., 2006). 

In the present study, both ethyl acetate and chloroform /methanol extracts of Kashmiry honey inhibited
cell growth significantly. However, in case of Madina honey both extracts showed nonsignificant inhibition
on cell growth. The combination of adiponectin with ethyl acetate and chloroform /methanol extracts of both
types of honey resulted in significant reduction in cell growth.
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Fig. 3: Effect of adiponectin, honeys, and their extracts on alkaline phosphatase activity of HepG2 cells. C,
control; Ad, adiponectin; K, Kashmiry honey; M, Madina honey; EAK, ethyl acetate extract of honey
K, EAM, ethyl acetate extract of honey M, CMK, chloroform/ methanol extract of honey K, CMM,
chloroform/ methanol extract of honey M. **P<0.01.

Fig. 4: Effect of adiponectin combinations with honey, as well as its extracts on alkaline phosphatase activity
in HepG2 cells. C, control; Ad, adiponectin; K, Kashmiry honey; M, Madina honey; EAK, ethyl
acetate extract of honey K, EAM, ethyl acetate extract of honey M, CMK, chloroform/ methanol
extract of honey K, CMM, chloroform/ methanol extract of honey M. *P<0.05; **P<0.01;
***P<0.001.
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Alkaline phosphatase (ALP) is recognized as an important marker of differentiation in human malignancies
(Xiao et al., 2006). The intracellular ALP activity of different cell lines was increased after the treatment with
many antitumor agents such as dihydroxyvitamin D3 (Tsuchiya et al., 2005), ATRA (Guo et al., 2007) and
grape seed extract (Laurent et al., 2004). In this study, Combination of adiponectin with all honeys extracts
showed increased enzyme activity (significant in case of ethyl acetate extracts and nonsignificant in
chloroform/methanol extracts). However, chloroform/methanol extracts treated HepG2 cells showed significant
decrease in alkaline phosphates activity. On contrary, either treatment with adiponectin or honey separately
showed nonsignificant changes in alkaline phosphatase activity. The combined treatment with adiponectin and
honeys (K and M) showed significant decrease in alkaline phosphatase activity. 

It is well known that increased expression of cytoplasmic ß actin was found in some tumor cells and it
has an important role in cell migration and metastasis. Down regulation of β actin gene expression could be
an antitumor target (Nguyen et al., 2000). Adiponectin showed non significant down regulation of β actin gene
expression after treatment of HepG2 with adiponectin, honey and its extracts as well as their combinations.
However, β actin mRNA levels showed a significant increase in HepG2 cells treated with honey M.  This may
be attributed to that this type of honey may be subjected to undetectable adulteration. This undesired effect
was diminished with the combination of adiponectin with M honey where the β actin mRNA level was equal
to the control value. On contrary, K honeys exerted nonsignificant increase in β actin mRNA levels which was
not affected by the combination with adiponectin. Honeys and their extracts show nonsignificant decrease in
β actin mRNA levels. However, in previous work, it was found that honey down regulates the production of
MMP2 and MMP9 and subsequent metastasis of tumor cells (El-Sayed et al., 2010). These findings together
may suggest that honey exerts its effect on metastasis through MMPs reduction rather than β actin down
regulation. The combined treatment of adiponectin and honey extracts did not show significant changes in β
actin mRNA levels. 

Bcl2, an antiapoptotic member, has also been identified as an oncogene that prevents apoptosis in tumor
cells (Handayani et al., 2007). In addition, Bcl2 binds to the outer mitochondrial membrane and increase cell
survival by acting as an antiapoptotic factor, rather than by promoting cell proliferation. Building on these
finding, we investigated the effect of the proposed treatments on Bcl2 gene expression. It was found that
adiponectin has nonsignificant down regulation of Bcl2 relative gene expression of HepG2 cells. Honeys and
their extracts did not change Bcl2 gene expression level except for honey K and EAM where they showed non
significant down regulation. Combinations of adiponectin with honeys and their extracts showed nonsignificant
decrease in Bcl2 mRNA levels. Our results are concomitant with that of Handayani et al., (2007) and Barb
et al., (20077) who found that adiponectin has no effects on apoptosis. However, other authors stated that it
may increase apoptosis (Huang et al., 1976; Akifusa et al., 2009], or may exert antiaopoptotic potential
(Rakatzi et al., 2003). This discrepancy in the results among different studies may be due to the different doses
of adiponectin or different types of cancer cell lines used in the experiments (Neumeier et al., 2006). 

In conclusion, the proposed combination of adiponectin with honey solved the problem of increased cell
growth of tumor cells induced by honey. However, this combination decreased differentiation through
decreasing the ALP activity. Honey extracts combined with adiponectin retained the cytotoxic effects of these
extracts on HepG2 cells and induced differentiation. Adiponectin combined with honey extracts exerted their
antitumor effects on HepG2 cells through the inhibition of cell growth and the enhancement of alkaline
phosphatase activity rather than through acceleration of apoptosis via Bcl2 down regulation. Adiponctin and
honey and its extracts as well as their combinations may exert their known antimetastatic effect on tumor cells
through other pathways which do not involve β actin down regulation. 
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